Erycibe schmidtii is widely used as folk medicine in China for treatments of various inflammations. Recently, with reduction of its wild sources, various adulterants have been misused as substitutes. To distinguish reliable alternatives from various adulterants, total phenolics and antioxidant activities of E. schmidtii and its nine adulterants, as well as three marker compounds of E. schmidtii defined by Chinese Pharmacopoeia were simultaneously quantified. And HPLC fingerprints of these ten herbs were established. Compared with E. schmidtii (S1), Porana sinensis (S2), Porana sinensis var. delavayi (S3), Celastrus hindsii (S4), and Morinda umbellata (S5) exhibited similar or higher total phenols, flavonoids and tannins along with similar or greater capacities scavenging DPPHc, ABTS + c and AAPHc, contained similar or higher total amounts of the three marker compounds, and possessed higher similarities in HPLC profiles. The other five adulterants (S6-S10, i.e., Illigera parviflora, Morinda parvifolia, Piper puberulum, Piper kadsura and Iodes seguini in sequence) were identified as absolute fakes, thus were excluded from alternatives of S1. Further anti-inflammatory experiments with LPS-induced RAW264.7 macrophages cells on NO release and transcriptions of inflammatory factors iNOS, COX-2, IL-6 and IL-1b showed that S2 and S3 possessed higher anti-inflammation activities than and similar mechanisms to those of S1. Taken together, S2 and S3 could be the best potentially alternatives of E. schmidtii among the nine adulterants. S4 and S5 might be also considered as alternatives for they contained similar fundamental compounds and equally impressive anti-inflammatory potential with E. schmidtii concerning iNOS and COX-2.
Introduction
Erycibe schmidtii Craib (Convolvulaceae) is a traditional Chinese herb, which is mainly distributed in Southeast Asia and Australia. In China, it is found in Southern provinces such as Guangdong and Guangxi, and its roots and stems are widely used as folk medicines for treatments of various inammations. Recently, with reduction of wild E. schmidtii sources, 1 at least nine adulterants as listed below in Materials and methods have emerged in herbal markets. However, few studies have carried out on comparison of E. schmidtii with its adulterants. Therefore, comparing and nding out its potentially effective alternatives are of great signicance as well as urgent.
Phenolics, a large group of plant secondary metabolites, including simple phenols, avonoids, anthocyanins and tannins, have attracted more and more attention in recent years due to their antioxidant, antimicrobial, anticancer, antifungal, and anti-inammatory activities. [2] [3] [4] [5] [6] Previous phytochemical investigations revealed that main constituents of E. schmidtii are coumarins, chlorogenic acid derivatives, and avonoids.
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Among them, chlorogenic acid and two coumarins, i.e., scopoletin and scopolin, are chemical markers that are determined as standards by the Chinese Pharmacopoeia for discriminating E. schmidtii from its various adulterants.
Moderate oxidative stress is necessary for aerobic life. However, under certain conditions, it can also be toxic thus must be responsible for causing a variety of diseases, including arthritis, cancer, cardiovascular diseases, cataracts, atherosclerosis, diabetes, immune deciency diseases and ageing. available for evaluating antioxidant capacities based on different principles and mechanisms of action. Among these methods, DPPH, ABTS and ORAC assays are used widely, 17, 18 in which the former two are based on electron transfer reaction and the latter follows the principle of hydrogen atom transfer.
Chromatographic ngerprinting can be obtained with various analytical techniques, such as GC, HPLC, high performance thin layer chromatography, and capillary electrophoresis, 19 and it has also been applied to screen herbs such as adulterated and authentic commodities of Pericarpium Citri Reticulatae and Pericarpium Citri Reticulatae Viride, 20 plant origins of Ganoderma lucidum, 21, 22 as well as cultivation areas of Angelica acutiloba. 23 In addition, several chemometric methods applied to ngerprinting such as similarity evaluation, hierarchical clustering analysis and principal component analysis make it easier to get more comprehensive and intuitive information.
To achieve potentially effective alternatives to E. schmidtii, it is the most important to compare their anti-inammatory activities. Inammation, a fundamental and complex biological process in response to tissue injuries and infections, is indispensable for homeostasis, thus is nely regulated. Inammation plays a vital role in pathological processes of several diseases such as arthritis, 24 diabetes, 25 Alzheimer's disease 26 and cancer. 27 As the rst line providing defence against invaders, macrophages can protect host from damaging triggered by inammatory inducing factors such as lipopolysaccharides (LPS) and secrete pro-inammatory cytokines and mediators such as NO, prostaglandin E2 (PGE2), interleukin-6 (IL-6) and interleukin-1b (IL-1b) 28 which are regarded as important inducers and enhancers in the development of inammation. Hence, LPS-induced macrophages are the most frequently used cellular model to assess the activities of antiinammatory drugs in vitro.
In the present study, total phenolic components and antioxidant activities of E. schmidtii and its nine adulterants, as well as the three marker compounds of E. schmidtii were simultaneously quantied. A concise and efficient HPLC ngerprint for each of these ten vine herbs was also developed. On this basis, anti-inammatory activities of E. schmidtii and its four alternatives were further evaluated, their mechanisms were deliberated, and Porana sinensis and P. sinensis. var. delavayi were nally determined as two of the best potentially effective alternatives to E. schmidtii. To our knowledge, this is the rst report to comprehensively analyze and compare E. schmidtii of so many indexes with its nine adulterants.
Materials and methods

Chemicals and preparation of herb extracts
Methanol and formic acid of chromatographic grade were purchased from Thermo Fisher Scientic Inc. (Tedia, USA). Standard chlorogenic acid, scopoletin, scopolin, gallic acid and rutin were bought from National Institutes for Food and Drug Control (Beijing, China). 1,1-Diphenyl-2-picrylhydrazyl (DPPH), 2,2 0 -azinobis-(3-ethylbenzthiazoline-6-sulphonate) (ABTS), 6-hydroxy-2,5,7,8-tetramethyl-chroman-2-carboxylic acid (trolox), Folin-Ciocalteu reagent, 2,2 0 -azobis(2-methylpropionamidine) dihydrochloride (AAPH), lipopolysaccharide (LPS) from Escherichia coli (0111:B4), Griess reagent and dimethyl sulfoxide (DMSO) were purchased from Sigma-Aldrich Chemical (St. Louis, USA). 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT), phosphate-buffered saline (PBS), Dulbecco's modied Eagle medium (DMEM), fetal bovine serum (FBS) and nonessential amino-acids were provided by Beijing BioDee Biotechnology Co.Ltd (Beijing, China). Other chemicals used were all of analytical grade.
Liana stems of ten woody herbs, i.e., E. schmidtii Craib, Porana sinensis Hemsl., Porana sinensis Hemsl. var. delavayi (Gagn. et Courch.) Rehd., Celastrus hindsii Benth., Morinda umbellata L., Illigera parviora Dunn, Morinda parvifolia Bartl. ex DC., Piper puberulum (Benth.) Maxim., Piper kadsura (Choisy.) Ohwi, and Iodes seguini (Levl.) Rehd.
29-32 marked as samples S1 through S10 in sequence were collected from herb markets of Bozhou, Anhui Province and Anguo, Hebei Province, and authenticated by Associate Prof. Dr Zhonghua Liu, Beijing Forestry University, China.
All collected herbs (S1-S10) were dried further for 24 h at 50 C, ground using a mill, and sieved through a no. 50-mesh to ensure homogeneous size. Each ground herb was accurately weighed (1.5000 g) and transferred to a 50 mL centrifuge tube, and 15 mL methanol : water (80 : 20 v/v) was immediately added into the tube, which was sealed and extracted in an ultrasonic bath for 30 min. The tube was then centrifuged at 800 rpm for 5 min, and the supernatant was collected. These extraction procedures were repeated twice more. The three supernatants of each herb were merged together, ltered through a 0.22 mm membrane, and stored at 4 C to obtain extract solutions for measurement of phenolics, determination of antioxidant activities, and HPLC quantication and nger-prints analyses. For further assessment of anti-inammatory activities, extract solutions of S1-S5 were also evaporated using a rotary evaporator (Labconco, Kansas city, MO, USA) until dryness, then the dried extracts were dissolved in DMEM at different concentrations and ltered by sterile syringe lter with a 0.22 mm pore size.
Measurement of phenolics
2.2.1. Total avonoids. Total avonoids of the ten herbs (S1-S10) were examined by an aluminium chloride colorimetric assay 33 with slight modications. Briey, 120 mL appropriately diluted solution of individual samples were mixed with 8 mL sodium nitrite (50 mg mL
À1
) in the designated well of a 96-well microplate, then the microplate was stood for 6 min before addition of 8 mL aluminium chloride (100 mg mL
) into each well. Aer a 5 min incubation at room temperature, 100 mL sodium hydroxide (40 mg mL
) were added to each well. Subsequently, the mixture was mixed thoroughly by pipetting up and down for 10 times. The microplate was then covered and incubated in darkness at room temperature for 30 min, and absorbance measurement was read at 410 nm by using a microplate reader (Tecan innite 200, Swiss). All determinations were performed in triplicate and results were expressed as rutin equivalents from the calibration curve of rutin standard solution (0-100 mg L
) and expressed as mg rutin equivalents per 100 g d.w. plant material (per 100 g; hereaer, if no otherwise specied, '100 g' means '100 g d.w. plant material' in the text.).
2.2.2. Total phenols. Total phenols in S1-S10 were evaluated using Folin-Ciocalteau's method 34, 35 with slight modica-tions. In brief, 20 mL appropriately diluted solution of individual samples were mixed with 40 mL Folin-Ciocalteau reagent (25%) in corresponding well of a 96-well microplate. Aer 5 min standing at room temperature, 140 mL sodium carbonate solution (700 mM) were added to each well and the plate was shaken for 30 s at 500 rpm in an orbital shaker. The microplate was then covered and incubated in darkness at 40 C for 30 min, followed by reading at 765 nm using the microplate reader.
Results were expressed as gallic acid equivalents from the calibration curve of gallic acid standard solutions (0-400 mg L À1 ) and expressed as mg gallic acid equivalents per 100 g. All assays were performed in triplicate. 2.2.3. Total tannins. Total tannins in S1-S10 were determined based on phosphomolybdenum tungstic acid-casein reaction described by Zhao et al. 36 with slight modications. Briey, 25 mL appropriately diluted solution of individual samples were mixed with 100 mg casein and incubated at room temperature for 3 h with shaking at 200 rpm. Aer incubation, this mixture was ltered through a 0.45 mm lter to collect the supernatant, named as the corresponding sample aer CASEINprecipitating reaction. The rest steps were the same as the method for determination of total phenols. Total tannins equal the difference of total phenols between samples before and aer CASEIN-Precipitating Reaction. All determinations were conducted in triplicate and results were expressed as mg gallic acid equivalent per 100 g.
2.
3. Determination of antioxidant activities 2.3.1. DPPHc scavenging activity. DPPHc scavenging activities of S1-S10 were determined using the method of Alañón et al. 37 with slight modications. Briey, 10 mL standard (trolox 10-400 mg L À1 ), each of S1-S10 or blank (distilled water) were added to corresponding well, followed by addition of 40 mL freshly prepared DPPH solution (1 mM) and 190 mL methanol to each well. The 96-well plate was then shaken at 200 rpm for 1 min. Aer incubated for 30 min at room temperature in darkness, absorbance was read at 517 nm using the microplate reader. Radical scavenging activity (RSA) for DPPH was calculated as RSA (%) 
each of S1-S10 or blank (distilled water) was quickly added to corresponding wells in a 96-well microplate, followed by adding 200 mL working solution to each well. Aer incubation for 5 min at 30 C in darkness, absorbance was read again at 734 nm using the microplate reader. The RSA for ABTS was also calculated as RSA (%) ¼ (A 0 À A s )/A 0 Â 100, where A s is the absorbance of the sample solution and A 0 is the absorbance of the blank. All examinations were performed in triplicate and results were expressed as mg trolox equivalents per 100 g. 2.3.3. ORAC. ORAC assay was conducted according to Sun et al. 38 All reagents in the ORAC assay were prepared with and reactions were conducted in a 75 mM phosphate buffer (pH ¼ 7.4). Experiments were protected from direct light due to lightsensitivity of uorescein. In brief, 75 mL uorescein solution (0.2 mM) was added to each well of the 96-well plate, then 25 mL individual trolox standard solutions (5-50 mM, nal concentration), each of S1-S10 or 75 mM phosphate buffer (reagent blank) was added to the corresponding well. Aer shaking at 250 rpm for 5 min, the plate was kept in darkness and incubated in a 37 C-prewarmed oven for 15 min. Once the incubation was completed, 100 mL 37 C-prewarmed AAPH was quickly added to each well by a 12-channel multipipet. The microplate was then immediately placed in the 96-well microplate reader and uo-rescence was recorded every 1.5 min for 75 min with an excitation at 530 nm and emission at 485 nm. The net Area under Curve (AUC) of samples and standards were calculated by subtracting the AUC of the blank. Results were calculated by comparing the net AUC of the sample with that of the standard. All examinations were performed in triplicate and results were expressed as mg trolox equivalents per 100 g.
HPLC quantication and ngerprints analyses
Accurately weighed standard scopolin, chlorogenic acid or scopoletin was dissolved into methanol : water (80 : 20 v/v) to yield corresponding stock solution at 1.0 mg mL À1 , and its standard solution was prepared by serial dilution of the stock solution to the working range of mobile phase for each standard. All standard solutions at 1.0, 0.5 and 0.25 mg mL À1 were stored at 4 C in darkness, kept at room temperature for 10 min, and ltered through a 0.22 mm lter prior to HPLC analyses. HPLC analyses were carried out with a Shimadzu HPLC system (Shimadzu, Kyoto, Japan) equipped with a SPDM20A ultraviolet detector, an Eclipse XDB-C18 column (Agilent, 250 mm Â 4. Academy of Medical Sciences (Beijing, China) and cultured in high-glucose DMEM supplemented with 10% FBS, two antibiotics (penicillin, 100 units per mL; streptomycin, 100 mg mL À1 ; Solarbio, Beijing, China) and 0.5% non-essential amino-acids in a humidied atmosphere at 37 C with 5%
CO2. In brief, cultured cells were seeded in a 96-well plate at a density of 3 Â 10 4 cells per well and grown for 24 h, then the medium was removed and different concentrations of S1, S2, S3, S4 or S5 were added 2 h before treatment with LPS at a nal concentration of 1 mg mL À1 . Aer incubation for 24 h, 20 mL MTT (5 mg mL À1 ) was added, and MTT was converted by the cells into visible formazan crystals aer 4 h incubation. The formazan crystals were then dissolved in DMSO and absorbances were measured at 570 nm using the microplate reader.
Relative cell viability was calculated and compared with untreated control. 2.5.2. NO production. NO release by the RAW264.7 cells (3 Â 10 5 cells per well) was rstly assessed by detecting the amount of sodium nitrite in the culture medium using the Griess test. Briey, aer 2 h treatment with different concentrations of S1-S5, the cells were incubated for 19 h with LPS at a nal concentration of 1 mg mL À1 . Then, 50 mL Griess A (1% sulfanilamide in 5% H 3 PO 4 ) and 50 mL Griess B (0.1% N-1-naphthyl-ethylenediamine-HCl) were added to 100 mL culture medium. Absorbance was detected at 540 nm, and a standard curve was established using NaNO 2 for calculating the sodium nitrite concentrations.
qRT-PCR assay.
For qRT-PCR assay, RAW264.7 cells were seeded onto 6-well plates at 1 Â 10 6 cells per well and incubated for 24 h prior to treatments. Then, the supernatant were removed and aer 2 h treatment with different concentrations of S1-S5, the cells were incubated for 19 h with LPS at a nal concentration of 1 mg mL À1 . Next, the cells were washed with cold PBS and total RNA was extracted with trizol reagent (Tiangen Biotech, Beijing, China). Isolated RNA (1.5 mg) was converted to cDNA in a 20 mL reaction volume using a TIAN Script RT Kit (Tiangen Biotech, Beijing, China) according to the manufacturer's instructions. The cDNA encoding iNOS, COX-2, interleukin-6 (IL-6) and interleukine-1b (IL-1b) mRNAs were then quantied by qRT-PCR. Briey, all reactions were performed in the 96-well plates with the following procedures: predenaturation at 95 C for 2 min, 45 cycles of denaturation at 95 C for 10 s, and annealing and extension at 60 C for 32 s. b-Actin was used as the internal reference. Sequences of specic primers were listed in Table 1 . Analyses of the data were performed by the 2
ÀDDCt method using b-actin for normalization of the samples.
Statistical analysis
Data were presented as mean AE SD (n ¼ 3) and analyzed by IBM SPSS statistical soware 20.0 (SPSS Inc., Chicago, IL) with p < 0.05 as signicant. Evaluation of chromatographic ngerprints were conducted by Similarity Evaluation System for Chromatographic ngerprint of Traditional Chinese Medicine (version 2004A, National Committee of Pharmacopoeia, China).
Results and discussion
3.1. Differences in contents of total phenolics between E. schmidtii and its nine adulterants 3.1.1. Total avonoids. Fig. 1A shows total avonoids of E. schmidtii and its nine adulterants measured by an aluminium chloride colorimetric assay. Obviously, S3 was the highest (5219.27 mg gallic acid per 100 g), followed by S2 (4399.42), with an order from high to low of the other eight herbs being S9, S1, S4, S7, S5, S6, S8, and S10. And they all exhibited signicant differences between each other except S1 and S4. Flavonoids have been reported to contribute to antioxidant activity, as they act on enzymes and pathways involved in anti-inammatory processes. 39 Awah et al. 40 determined total avonoids of several medicinal plants distributed in Nigerian using the same method but their results in mg rutin equivalents were based on per g d.w. extract rather than plant material. Among these medicinal plants, the plant extract of Eupatorium adenophorum (6360 mg rutin equivalents per 100 g d. w. extract), Cassia sieberiana (2040) and Canthium subcordatum (1560) used for the treatment of inammation and arthritis exhibited similar or less total avonoids than those in S3, S2, S9 (2370.84 mg gallic acid per 100 g), and S1 (2131.58). Considering our data are on a plant material rather than extract base, there must be more herbs in our study that possessed higher total avonoids. Leandroj et al. 41 reported total avonoids of 19 Colombian Amazonian plants (most of them used also for treatment of inammation) and obtained identical results expressed as mg catechin, rather than rutin, per g d.w. plant material, with the highest found in Piper putumayoense (1020.03) and the lowest in Anacardium occidentale (1.00). Since rutin and catechin shared basic structures of two benzene rings and a dihydropyran heterocycle, it is reasonable to conclude that total avonoids of S1-S3 and S9 in the present study were much higher and quite noticeable compared with these 19 plants.
3.1.2. Total tannins. Total tannins of S1-S10 measured using a casein-precipitating reaction were shown Fig. 1B . It is clear that S2 exhibited outstandingly the highest content (2382.25 mg gallic acid per 100 g) and was signicantly higher than that in S1 (800.97) that was similar to those of S3 (780.29) and S4 (771.23) but with no signicant differences. From S5 to S10, total tannins were signicantly decreased in sequence from 513.22 to 51.96, with S7 (463.16) as an exception. Tannins are also good antioxidant components as they can reduce metallic ions such as Fe 3+ to Fe 2+ and inhibit the activity of 5-lipoxygenase in arachidonic acid metabolism that is important in inammation physiology. 42 Qasim et al. 43 analyzed total tannins of ve herbs possessing high antioxidant capacity among 100 medicinal plants, and found that Salvadora persica, which was associated with wound-healing and anti-inammatory activity, possessed the highest total tannins (1996 mg tannin acid equivalent per 100 g). Since a tannin acid was consisted of as more as ten gallic acid units and only one glucose, total tannins in the above study should be comparable to ours using gallic acid as the standard. Our results showed that total tannins of S2 (2382.25 mg gallic acid per 100 g) were dramatically higher than that of the ve herbs they analyzed.
3.1.3. Total phenols. Fig. 1C shows total phenols of E. schmidtii and its nine adulterants measured using the FolinCiocalteu method. Clearly, all the samples (S1-S10) exhibited a wide range of total phenols with signicant differences to each other except that there exists no signicant difference between S4 and S5. From S2 to S10, total phenols were decreased in sequence from 2836.04 to 158.90 mg gallic acid per 100 g. Here we must point out that it was according to this order from the highest to the lowest were the nine adulterants of E. schmidtii dened as S2-S10 as already employed in the Materials and methods as well as the above descriptions of total avonoids and total tannins. Anyway, S1 exhibited also relatively high total phenols (1336.48) which ranked the third among all the ten herbs. In a previous study, Li et al. 44 reported total phenols of 223 medicinal plants distributing in China and possess multiple biological activities, including antitumor, antimutagenic, anti-aging, anti-hypertensive, anti-inammatory, antibacterial and anti-allergic properties. Among these 223 Fig. 1 Total flavonoids, tannins and phenols, and antioxidant capacities of E. schmidtii (S1) and its nine adulterants (S2-S10 as defined in the Materials and methods). Rutin was used as the standard for total flavonoids, gallic acid was that for measurements of total phenols and total tannins, and trolox was used as the standard for all the three antioxidant assays. Absorbance was determined at 410 nm for total flavonoids (A), 765 nm for total tannins (B) and total phenols (C), 517 nm for DPPH (D), and 734 nm for ABTS (E). Fluorescence for ORAC (F) was recorded with an excitation at 530 nm and emission at 485 nm every 1.5 min for 75 min. Antioxidant data were calculated as the radical scavenging activity (RSA) (%) for both DPPH and ABTS, and as the net Area under Curve (AUC) for ORAC. Results were presented as mean AE SD of three independent experiments (n ¼ 3) and expressed as mg standard per 100 g d.w. plant material. Different letters correspond to significant differences (p < 0.05) by one-way analysis of variance.
species, total phenols of S1-S3 in the present study exceeded 161 of them with S2 and S3 exceeding 205 and 178, respectively, including such famous Chinese medicinal herbs traditionally used for anti-inammatory and analgesic treatments as Trachelospermum jasminoides (1254.00 mg gallic acid per 100 g), Taraxacum mongolicum (1105.00) and Sinomenium acutum (706.00). Leandroj et al. 41 investigated total phenols of 19 Amazonian plants traditionally utilized for treatment of symptoms associated with inammatory processes, among which Uncaria guianensis exhibited the highest content (466.00), a value being even lower than that in S8 (591.79), the third lowest in the current study.
By calculation based on gallic acid equivalent, total tannins contributed to a considerable proportion of total phenols in the ten herbs (29.23-84.00%), with the largest proportion being found in S2. Total tannins accounted for more than half (59.93%) of total phenols in S1 (Fig. 1B and C) . It can be concluded that tannins were one of the major components in these medicinal vines. In addition, as total avonoids in rutin equivalent accounted for 0.5-5.2% of these vines in dry weight, and total avonoids in S1 accounted for 2.1%, it can be conferred that they contained also considerable avonoids (Fig. 1A) . Overall, S1, as well as S2-S4, contained considerable phenols, tannins and avonoids comparing with other herbs that were associated with anti-inammatory activity.
Pharmacists usually target an herb with high total phenols including tannins and avonoids for treating different diseases. 45 High total phenols indicate a high ability of the herb to dealing inammatory diseases and are implicated in wound healing. 46 Therefore, it can be concluded that total phenols in E. schmidtii (S1) were considerable high among the main medicinal plans used for anti-inammatory thus itself can be conrmed as a good Chinese medicine to treat inammation that have in fact been employed in the long-term practice by veteran doctors of Traditional Chinese Medicine. Compared with the contents in S1, total phenols, tannins and avonoids in S2-S4 are also considerably high (Fig. 1A-C) and they should be considered as potentially effective alternatives to rather than 'adulterants' of S1 (i.e., E. schmidtii).
Differences in antioxidant activities between E.
schmidtii and its nine adulterants 3.2.1. DPPHc scavenging abilities. DPPHc scavenging capacities of E. schmidtii and its nine adulterants (Fig. 1D) show that S2 exhibited notably the highest DPPH activity (4080.46 mg trolox per 100 g) and was signicantly higher than that of S1 (2122.22). From S3 to S10, DPPH activities decreased in sequence from 2836.04 to 158.90 with no statistic differences between S4 and S5 as well as among S7-S9. Furthermore, this order of DPPHc scavenging abilities was similar to that of total phenols (Fig. 1C) , indicating that total phenols contribute greatly to the scavenging ability. Chirinos et al. 47 reported DPPHc scavenging abilities of 27 selected andean medicinal plants, with the highest found in Alnus acuminata (20 343.57 mg trolox per 100 g) and the lowest in Amaranthus caudatus (30.03). Our S2 exceeded 15 and S1, S3, S4 and S5 exceeded 10 of their 27 plant species. Among the 10 plants, Oxalis tuberosa (210.24) was used against rheumatism and arthritis. 44 Floegel et al. 48 reported antioxidant capacity of 50 most popular foods in USA by ABTS/DPPH assays, and the results showed that the DPPH data of each food were similar to the ABTS data of itself. Similar results were found in Acer truncatum leaves 49 and oak cup crude extract. 50 However, it was found by the present study that the ABTS values of each vine herb (Fig. 1E) were signicant higher than its DPPH values (Fig. 1D) . This is probably an important nding, since it raises a possibility that those compositions that were more sensitive to ABTS + c than to DPPHc in these herbs likely belong to alkaloids or other nitrogen-containing components that might also be responsible for the inammatory activities.
Oxygen radical absorbance capacity (ORAC)
. ORAC assay offers several advantages over ABTS and DPPH assays. It uses peroxyl radicals (ROOc) that are a better model of antioxidant reactions with oxidizing lipids and reactive oxygen species (ROSs) in foods and in vivo, and it provides continuous generation of radicals on a much more realistic time scale (more or less like actual reactions in situ). 51 Thus the ORAC assay is considered as a preferable method biologically relevant to in vivo anti-oxidant efficacy. Fig. 1F shows oxygen radical absorbance capacities of E. schmidtii (S1) and its nine adulterants. Obviously, S2 exhibited the highest ORAC value (20 818.75 mg trolox per 100 g), which was almost three times of the second S1 (7136.39) and the third S3 (7094.16), followed by S4, S9, S6, S7, S5, S8, and S10 (3776. 31-713.38) . No signicant differences observed between S1 and S3, S5 and S8, as well as among S4, S6 and S9. ORAC values of these ten herbs are higher than their corresponding DPPH and ABTS values as indicated by the y-axis values and this difference might be due to the different chemical properties of bioactive compounds and the distinct mechanisms of these three antioxidant assays.
Leandroj et al. 41 also reported ORAC values of their 19 medicinal plants used for treatment of inammatory and rheumatic in Amazonia. By comparing our data with theirs obtained using the same AAPH radical generator, it is clear that S1-S3 showed an even higher ORAC value than all those 19 medicinal plants, with S2 was about 3-folds higher than that of their highest species. Samaradivakara et al. 20 844 ) and other six medicinal plants. It must be pointed out again that our data are on a dry weight plant material rather than extract base. Considering this aspect, our data might be even higher than most of, if not all, their 16 species. In general, it is obviously that E. schmidtii (S1) used for treating a variety of inammations possesses a good antioxidant activity. Once again, compared with three antioxidant activities of S1, S2-S4 also exhibited a high level of antioxidant activities and thus should be taken into account as potentially effective alternatives of E. schmidtii. This conclusion was consistent with the previous conclusion based on measurement of phenolic contents.
3.3. Differences in HPLC ngerprints between and quantication of the three marker compounds in E. schmidtii and its nine adulterants A HPLC-UV method was used for ngerprinting phytochemicals of E. schmidtii and its nine adulterants. Chromatographic and detection conditions was selected based on a previously report 53 to maximize the number and relative intensity of detected signals. As shown in Fig. 2C , complex phytochemical extracts of the ten herbs were all properly resolved and a wide range of different compounds (discernible peaks) could be recognized. The chromatogram of S1 (Fig. 2B) was taken as the reference ngerprint for the nine adulterants. Similarities calculated by Similarity Evaluation System for Chromatographic Fingerprint of Traditional Chinese Medicine (Version 2004A) between the reference ngerprint and individual adulterants were listed in Table 2 . Generally, the closer the values similar to the value 1, the more similarity the two chromatograms. Obviously, the nine adulterants could be divided into two groups based on their similarities to S1, with one group consisting of S7-S10 for their similarities with S1 far below 0.5 and the other group thus including S2-S6. The higher similarity usually means the more similar compositions. Our results show that S1 possessed good composition similarities with S5, S6, S4, S2 and S3 in sequence.
It is obvious from HPLC proles that peaks 1-3 in Fig. 2B are matched precisely to those of the three authentic standards in Fig. 2A, i. e., scopolin, chlorogenic acid, and scopoletin, respectively, which are dened as markers of the herb E. schmidtii by the Chinese Pharmacopoeia. And all these compounds present good anti-nociceptive and antiinammatory activities. [54] [55] [56] The right four columns of data in Table 2 show individual and total contents of the three markers in S1-S10. It can be found that S1, S3 and S2, being increased signicantly in sequence from 405.36 to 475.07 mg per 100 g, exhibited outstandingly higher total contents of scopolin, chlorogenic acid and scopoletin than those of the other adulterants (S4-S10). Moreover, rank orders of both scopolin and scopoletin in S1-S3 was the same as that of the total contents of the three markers. For chlorogenic acid, it was contained in E. schmidtii (S1) and all the adulterants (S2-S10), with an order from the highest to the lowest as S5, S1-S4, S6, S9, S7, S8, and S10. The contents of scopolin, chlorogenic acid and scopoletin Table 2 , it can be concluded that among the nine adulterants S2 and S3 could be recognized as alternatives of S1 as they not only contain but have high total contents of the three compounds. The total contents in S4 and S5 are also relatively higher because they possess high levels of chlorogenic acid. They might be selected as alternatives from both phenolic content and antioxidant ability bases (see Sections 3.1 and 3.2); however, they are lack of scopoletin that is recognized as one of the two active ingredients, scopolin and scopoletin, which were responsible for anti-rheumatic in E. schmidtii. Others (S6-S10) should be determined as quack medicines in that they contained only two of the three markers in an extremely low total amount.
Hierarchical clustering analyses (ESI Fig. S1 †) show that S1 was close to S4 and S5 in phenolic components (total phenols, avonoids and tannins, as well as the three identied phenolic compounds), antioxidant capacities (DPPH, ABTS and ORAC) and HPLC ngerprint similarities, while S2 and S3, being much higher with the above various indexes ( Fig. 1 and Table 2 ), were clustered into another group. Correlations among the various indexes analyzed by SPSS regression were listed in ESI Table  S1 . † It is worth emphasizing that signicant correlations between phenolics components and antioxidant activities indicate that total avonoids contributed to mainly antioxidant activity of ABTS, but total tannins, to those of both DPPH and ORAC. As to the three marker compounds, scopolin possessed antioxidant capacity much higher than scopoletin and chlorogenic acid did.
In summary, all the above results indicate that S2-S5 (i.e., Porana sinensis, Porana sinensis var. delavayi, Celastrus hindsii and Morinda umbellata in sequence) could be preliminarily determined as alternatives to S1 (i.e., E. schmidtii), which required further conrmation by comparison of their antiinammatory activities described below. The other ve woody vine plants, namely, S6-S10 (i.e. Illigera parviora, Morinda parvifolia, Piper puberulum, Piper kadsura and Iodes seguini in sequence), were identied as absolute fakes or adulterants, thus were excluded from alternatives of E. schmidtii.
3.4. Conrmation of the alternatives to E. schmidtii via comparison of anti-inammatory activities 3.4.1. Effects of S1-S5 on viability of LPS-induced RAW264.7 cells. MTT assay was conducted rst to evaluate cytotoxic effects of S1-S5 on murine macrophages (RAW264.7 cells). As we saw in Fig. 3A , RAW264.7 cells' viability maintained at 89.71% aer treatment solely with LPS, which was signi-cantly lower than those treated further with S1 at 25 mg mL À1 and S2 and S3 at all the three concentrations but comparably the same with S1 and S5 at 50 and 100 mg mL À1 . Slight but signicant cytotoxicities were observed in cells further treated with S4 at all the three concentrations and S5 at 100 mg mL À1 .
The results indicate that S1-S3 at both 25, 50 and 100 mg mL À1 exhibited no cytotoxicities and there existed slight cytotoxicities with S4 at all the three concentrations and S5 at 100 mg mL À1 .
3.4.2.
Effects of S1-S5 on production of NO in LPS-induced RAW264.7 cells. Concentrations of NO in culture media were next determined to evaluate effects of S1-S5 on NO production by LPS-induced RAW264.7 cells (Fig. 3B ). LPS signicantly increased NO level compared with untreated cells. Further additions of S1-S5 to media at 25, 50 and 100 mg mL À1 all decreased NO release in a dose-dependent manner, with decreases for S2 and S3 more and S4 and S5 less dramatic than that for S1. NO as an active molecule affecting various signaling pathways may plays a regulatory role at virtually every stage of inammation, 57 previous studies have also shown that NO was associated with various neurodegenerative diseases, 58 and consequently inhibition of NO has already been considered as a promising therapeutic target in treating inammations. In the present study, we found that S2 and S3 possessed better effect on inhibition of NO release than S1 did, indicating that S2 and Fig. 2 HPLC profiles of the three markers (scopolin, chlorogenic acid and scopoletin) (A) and E. schmidtii (B), and chromatographic fingerprints of E. schmidtii and its nine adulterants created by the Similarity Evaluation System for Chromatographic fingerprint of Traditional Chinese Medicine (C). S3 might provide a better anti-inammatory potential in this respect. 3.4.3. Effects of S1-S5 on mRNA expressions of four inammatory factors in LPS-induced RAW264.7 cells. As an in vitro system, RAW264.7 cells have been widely used for investigating inammation mechanisms. To investigate whether the anti-inammatory activities of S1-S5 was through regulation of the related gene expression, transcriptional expressions of several inammatory factors such as iNOS, COX-2, IL-6 and IL1b were thus measured using qRT-PCR in LPS-induced RAW264.7 cells treated with S1-S5 at the above three concentrations (i.e., 25, 50 and 100 mg mL
À1
). As shown in Fig. 4 , it was obviously that LPS signicantly up-regulated mRNA expression of the four inammatory factors. Further treatment with S1 showed signicant inhibitory effects on all the mRNA expressions, with a slight promoting effect at 25 mg mL À1 and no signicant inhibitory effect on those of IL-1b at 50 mg mL À1 , respectively, as two exceptions (Fig. 4D) . Adding S2 and S3 instead of S1 caused signicantly inhibitions against mRNA expressions of iNOS, COX-2 and IL-6 ( Fig. 4A-C ) but promoted that of IL-1b (Fig. 4D ) both in a dose-dependent manner. On the other hand, while S4 and S5 also signicantly inhibited mRNA expressions of iNOS and COX-2 in a dose-dependent manner ( Fig. 4A and B) , they stimulated those of IL-6 and IL-1b, with the former at 100 mg mL À1 of S4 and the later at 100 mg mL À1 of S5 as two exceptions ( Fig. 4C and D) . In RAW264.7 cells, LPS can induce iNOS, COX-2, IL-6 and IL1b transcriptions, which consequently lead to overproductions of NO, PEG2, IL-6 and IL-1b, 59 with that of NO being demonstrated in Fig. 3B as a representative. Thereinto, high concentration of NO causes oxidative damage, promotes release of inammatory cytokines, then results in inammation and regulates cell growth and differentiation; 60 COX-2 is inducible, at least partly via activation of NF-kB by many factors such as cytokines, mitogens, growth factors and tumor promoters, and is over-expressed in inammation and cancer;
61 IL-6 participates in regulation of vast majority of acute-phase proteins (APPs) produced by non-specic reactions triggered by inam-mation; and IL-1b is produced during the initial stage of inammation and is present in many types of inammatory diseases. 62 Inhibitions of these factors have been taken as a strategy to treat inammation-related diseases. The present study reveals that the mechanism of anti-inammatory by E. schmidtii (S1) was to suppress mRNA expressions of iNOS, COX- 2 and IL-6. S2 and S3 possessed the same and more effective mechanism to that of S1, and S4 and S5 suppressed mRNA expressions of only iNOS and COX-2 but not IL-6 and IL-1b. Therefore, it can be concluded that S2 and S3 would be the best potentially effective alternatives for S1 at least at the in vitro cellular level.
Conclusion
In this work, total phenols, avonoids and tannins, and antioxidant activities of E. schmidtii and its nine adulterants (i.e., S2-S10) were compared thoroughly, the three marked compounds (scopolin, chlorogenic acid and scopoletin) of E. schmidtii dened by Chinese Pharmacopoeia were simultaneously quantied, and a concise and efficient HPLC nger-prints methodology for these ten liana herbs were subsequently developed. Compared with S1, there existed relatively higher phenolics in S2 and S3, with S4 and S5 containing similar or slightly lower phenolics. In in vitro antioxidant assays, S2 exhibited signicant potent for scavenging free radicals than S1 did, and the antioxidant activities of S3-S5 were close to or slightly higher than that of S1. S1-S3 showed similarly large contents of scopoletin, scopolin and chlorogenic acid. Furthermore, S2-S5 also possessed better similarities with S1 than S6-S10 did. Based on the above results, anti-inammatory activities and mechanisms of E. schmidtii (S1) and its four alternatives (i.e., S2-S5) were then explored. It is clear that S2 and S3 exhibited higher potenial in anti-inammatory activities and similar but even more effective anti-inammatory mechanism to that of S1. Overall, it is concluded that S2 and S3 could be two of the best potentially effective alternatives among the four alternatives of E. schmidtii, and S4 and S5 might also be considered as alternatives of E. schmidtii for they contained similar fundamental compounds and equally impressive antiinammatory potential concerning the two inammatory factors iNOS and COX-2. However, further animal studies and more detailed clinical research are needed to provide greater support for their use as alternatives.
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